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CONSOLIDATION RUN FOR TYPICAL UNDERGROUND EXCAVATION DESIGN PROBLEM

\
BLOCK PLOT NUMBER OF PROBLEM UNITS PER INCH = 15.00 CYCLE NUMBER = 100

CONSOLIDATION RUN FOR TYPICAL UNDERGROUND EXCAVATION DESIGN PROBLEM

VELOCITY PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.10 CYCLE NUMBER = 100
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RESTRRT RUN FOR GOODMAN AND BRRY'S TOPPLING ANALYSIS
BLOCK PLOT NUMBER OF PROBLEM UNITS PER INCH = 10.67

ITERRTION NUMBER = 400 SCALE . 1 INCH = ____

X = 21-5E+ 04
0.:!\‘{'0\ Q,+ K = | o FE
st 5Saesses: K: +o6b

=], 0 E+90¢

RESTART RUN FOR GOODMAN AND BRAY'S TOPPLING ANALYSIS
BLOCK PLOT NUMBER OF PROBLEM UNITS PER INCH = 10.67

]ITERARTION NUMBER = 758 SCALE . 1 INCH =

‘ ¥, Ka Ks same
as QLOVQ_

Figure 3.1%:. Thirteen block toppling model.
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FIRST CONSOLIDATION RUN

BLOCK PLOT NUMBER OF PROBLEM UNITS PER INCH = 1.50

ITERATION NUMBER = 2 SCALE . | INCH :

Figure 3.20: Block geometry used for simultaneous and successive relaxaticn.

FIRST CONSOLIDRTION RUN
TOTAL DISPL.PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.00000172

ITERATION NUMBER - 224 SCALE . 1 INCH =

Figure 3.21: Total displacement plot for successive relaxation
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PRRAMETRIC STuDY OF MINING EXCRVRTIONS IN R BLOCKY MEDIUM-CONSOL S00-700 CYCLES
INCREM.DISPL PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.00000171
ITERATION NUMBER = 700 SCALE . 1 INCH -

PARAMETRIC STuDY OF MINING EXCAVATIONS IN R BLOCKY MED]UM-CONSOL S00-700 CYCLES
TOTAL DISPL PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.00209883
ITERATION NUMBER - 700 SCALE . 1 INCH =

Figure 4.5 contd.
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examples but the facility exists in the program to apply
support forces or specified displacements to relevant blocks.

Firstly, the 32 blocks were simultaneously removed
upon restarting to simulate mass blasting of the excavation,
and the behaviour of the material surrounding the opening
for 250 iterations after block removal is illustrated in
Table 4.1 and Figure 4.6. The nature of the block dis-
placements meant that a very large number of iterative
cycles would have been necessary to model large deformation
behaviour or allow for the attainment of equilibrium.

Thus, for both practical and economipal reasons, execution
was somewhat arbitrarily terminated in all of the following
examples. The maximum cumulative displacements listed in
Table 4.1 imply that the hangingwall is unstable after 950
iterations. This is confirmed by the numerical print-out

Table 4.1: MASS BLASTING RESULTS

iteration max®, contact | max™. cumlative
number force mag- resultant trans-
nitude lation
700 3.64 0.00
750 3.58 4.70 E-04
800 3.70 6.19 E-04
850 3.93 9.06 E-04
900 4.12 1.19 E-03
950 4.28 1.46 E-03

which shows the maximum block translation and rotation

for each iteration oscillating about a mean value and not
steadily decreasing to an equilibrium condition. The '
displacement plots of Figure 4.6 clearly show the unstable
hangingwall zone extending from the opening face into the
overlying material for the first five columns. The shear
strength of the upper and lower cross-joints for the three
immediate hangingwall columns has been exceeded after 950
iterations. The largest displacements are located at mid-
span of the exposed hangingwall. The contact force
print-out reveals that the mid-span joints have opened
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REMOVING ALL EXCAVATION BLOCKS TO SIMULATE MASS BLASTING.0-250 CYCLES RESTARY

16.67
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REMOVING ALL EXCAVATION BLOCKS TO SIMULATE MASS BLASTING.0-250 CYCLES RESTART
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REMOVING ALL EXCAVATION BLOCKS TO SIMULATE MASS BLASTING.0-250 CYCLES RESTART
INCREM.DISPL PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.00000708
ITERATION NUMBER = 950 SCALE . 1 INCH =

REMOVING RLL EXCAVATION BLOCKS TO SIMULRTE MRASS BLASTING.0-250 CYCLES RESTART
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JTERAT{ON NUMBER = 9S50 SCALE . 1 INCH =
l"/
ARV
\\\\\‘\‘ll“'lllllllll
NSNS A YR AA AN
\\.\"\ v r',l‘// O AR
\\\\\\\\\\ WA ‘\l / I//I / 17,
\ \ ' |
MY WY P!
saannn byt
ey -
\\\\\\\\\\\\ -~
RN S \‘\‘\\\\\\\\ ~o
RESRON NN N
. \‘\‘\\\\ ~o
v v N ~
. ‘// \\
I[//,/ ~
”Ill.

Figure 4.6 contd.
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adjacent to the excavation indicating a beaming action of
the immediate column with both ends effectively pinned.

Also, the force diétribution indicates that lateral forces
in the hangingwall have been eliminated. The hangingwall
action suggests that a support system will have most effect
if the central span displacements of the country rock can

be adequately controlled. The crown displacements, although
of lesser magnitude than those in the immediate hangingwall
rows, indicate a compression of the material towards the
footwall which could eventually result in crushing and
collapse of the crown. The inward displacements of material
in both the footwall and floor are probably due to reactions

from the fixed boundaries.

An interesting comparison was obtained between the
mass blasting results of Table 4.1 and Figure 4.6 and those
for the same example analysed with dyanmic relaxation.

The generalised dynamic relaxation program listed in
Appendix VI was modified to incorporate the features
described in Section 4.2. Consolidation was achieved by
using mass proportional damping and a critical time-step
fraction (based on single degree-of-freedom) which varied
between 0.1 and 0.25. The same stiffness and friction
parameters were used and consolidation was again carried
out for 700 calculation cycles. At this stage equivalent
magnitudes of contact force and block displacement to those
before had been generated, this being achieved through
optimisation of the time-step. The dynamic relaxation
program was also slightly more economical to run, with
approximately 150 CP secs of execution time (c.f. 180 CP
secs for static relaxation) required for 100 iterations.
Figure 4.7 shows the dynamic relaxation results and the con-
golidated states of both relaxation techniques are seen to

be almost identical.

The force and displacement conditions existing after
an equivalent period of block removal are presented in

Table 4.2 and Figure 4.8. Again, there is a marked
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CONSOLIDRTION OF MINE DESIGN PROBLEM USING DYNAMIC RELRXAT]ON
CORNER FORCE PLOT NUMBER OF PROBLEM UNITS PER INCH = 15.564041619

CYCLE NUMBER = 700 , SCALE . 1 INCH = ____

CONSOL IDRTION OF MINE DESIGN PROBLEM USING DYNRMIC RELAXATION
INCREN.DISPL .PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.000002496

CYCLE NUMBER = 700 SCALE . 1 INCH =

Figure L,7
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CONSOLIDATION OF MINE DESIGN PROBLEM USING DYNAMIC RELAXARTION
TOTAL DISPL .PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.002564064
CYCLE NUMBER = 700 SCALE . 1 INCH =

|
Figure 4.7 contd. B

MASS BLASTING SIMULRTION WITH DYNARMIC RELARXATJON. 0-250 CYCLES RESTART
CORNER FORCE PLOT NUMBER OF PROBLEM UNITS PER INCH = 18.015200720
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MASS BLASTING SIMULRTION WITH DYNRMIC RELAXRTION. 0-250 CYCLES RESTART
INCREM.DISPL .PLOT NUMBER OF PROBLEM UNITS PER INCH - 0.000002822

CYCLE NUMBER = 950 SCALE . I INCH =

MRSS BLASTING SIMULARTION WITH OYNRMIC RELAXRTION. 0-250 CYCLES RESTARRT
TOTAL DISPL.PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.000882676
CYCLE NUMBER = 950 SCALE . I INCH = _____

Figure 4.8 contd.
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REMOVING BLOCKS GRARDUALLY TO SIMULATE OPEN STOPING.0-250 CYCLES RESTART

= 16.67

NUMBER OF PROBLEM UNITS PER INCH

BLOCK PLOT

ALE . 1 INCH =

SC

ITERRTION NUMBER = 750

TO SIMULRTE OPEN STOPING.0-250 CYCLES RESTRRT

NUMBER OF PROBLEM UNITS PER [NCH = 16.67

REMOVING BLOCKS GRRDURLLY

BLOCK PLOT

SCARLE . 1 INCH =

ITERRTION NUMBER = 800

Figure 4.10
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REMOVING BLOCKS GRROUARLLY TU SIMULRTE OPEN STOPING.0-250 CYCLES RESTARRT
BLOCK PLOT NUMBER OF PROBLEM UNITS PER INCH = 16.57
ITERATION NUMBER := 950 SCRLE . 1 INCH =

REMOVING BLOCKS GRRDURLLY T0 SIMULRTE OPEN STOPING.0-250 CYCLES RESTART
CORNER FORCE PLOT NUMBER OF PROBLEM UNITS PER INCH = 17.01077423
ITERAT]ON NUMBER = 3950 SCALE . 1 INCH =

Figure 4.10 contd,
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REMOVING BLOCKS GRADUARLLY TO SIMULRTE OPEN STOPING.0-250 CYCLES RESTARY
INCREM.DISPL PLOT NUMBER OF PROBLEM UNITS PER INCH - 0.00000709
ITERATION NUMBER - 950 SCALE . 1 INCH =

REMOVING BLOCKS GRADUALLY TO SIMULRTE OPEN STOPING.0-250 CYCLES RESTRRT

TOTAL DISPL PLOT NUMBER OF PROBLEM UNITS PER INCH - 0.00123208
ITERATION NUMBER - 850 SCRLE . 1 INCH =
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geries of five stages, with an interval of 50 iterations
between each stage. The same consolidation file as for
mass blasting and open stoping was used, the friction co-

efficient being set to 0.577 at the restart.

The resulting behaviour for 250 calculation cylces
after restarting is presented in Table 4.4 and Figure 4.11.
Again, there are no significant deviations in the resulting
behaviour to suggest that cut-and-fill mining is preferable
to either mass blasting or open stoping.

Table 4.4: TUP-DIP CUT-AND-FILL RESULTS

iteration max". contact max". cumulative
number force magnitude resultant translation

700 3.64 0.00

750 3.70 5.76 E-04

800 3.78 5.79 E-04

850 4.01 5.97 E-04

900 4.22 8.03 E-04

950 4.43 1.05 E-03

However, the total displacement plot at iteration 950 in-
dicates that the block displacements have been influenced
by the particular mining sequence since the displacements
in the immediate hangingwall have a significant down-dip
component. This is not surprising since the lower section
of the opening controls the behaviour of the hangingwall over
a longer portion of the test and where slip along the joints
occurs, it would be unreasonable to expect a displacement
distribution similar to that from the altermative mining
methods. The consequence of having the opening at its full
size for only 50 iterations is a 28% decrease in the
maximum resultant translation compared with mass blasting
and a 3.5% increase in the maximum contact force.

An interesting comparison with the cut-and-fill method
described above was to reverse the block extraction sequence

to simulate the highly improbable case of a down-dip cut-
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MINING.0-200 CYCLES RESTART

IT7S PER INCH

SCALE . 1 INCH =

REMOVING BLOCKS GRRDURLLY

BLOCK PLOT

= 16.67

NUMBER OF PROBLEM UN

ITERATION NUMBER = 750

RTE CUT-AND-FJLL MINING.0-200 CYCLES RESTART

REMOVING BLOCKS GRARDOUALLY TO SIMuUL

I1TS PER INCH = 16.67

SCALE . 1 INCH =

NUMBER OF PROBLEM UN

BLOCK PLOT

ITERATION NUMBER = 800

Figure 4,11
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REMOVING BLOCKS GRRDUALLY TO SIMULATE CUT-AND-FILL MINING.0-200 CYCLES RESTART

BLOCK PLOT

16.67

NUMBER OF PROBLEM UNITS PER INCH =

« 1 INCH =

SCALE

850

ITERARTION NUMBER =

REMOVING BLOCKS GRADUALLY TO SIMULRTE CUT-AND-FILL MINING-0-200 CYCLES RESTARTY

0.00059721

NUMBER OF PROBLEM UNITS PER INCH =

TOTAL DISPL PLOT

« 1 INCH =

SCALE

850

ITERARTION NUMBER =

Figure 4.11 contd.
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REMOVING BLOCKS GRRODUALLY TO SIMULATE CUT-AND-FILL MINING.0-200 CYCLES RESTART

BLOCK PLOT

16.67

NUMBER OF PROBLEM UNITS PER INCH =

« 1 INCH =

SCALE

ITERATION NUMBER = 300

REMOVING BLOCKS GRRDURLLY TO SIMULRTE CUT-AND-FILL MINING.200-250 CYCLES RESTART

16.67

NUMBER OF PROBLEM UNITS PER [NCH =

BLOCK PLOT

. 1 INCH =

SCALE

JTERATION NUMBER - 950

Figure 4.11 contd.
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REMOVING BLOCKS GRARDUALLY TO SIMULATE CUT-AND-FILL MINING.200-250 CYCLES RESTART
CORNER FORCE PLOT NUMBER OF PROBLEM UNITS PER INCH = 17.71668374

ITERATION NUMBER = 950 SCALE . 1 INCH =
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and-fill mining operation., Each stage of block removal was
again performed in intervals of 50 iterations, and the
results at the end‘of‘the 250 iterations subsequent to con-
solidation are presented in Table 4.5 and Figure 4.12.

The contact force and cumulative displacement magnitudes
after 250 iterations are almost identical for both cut-and-

fill extraction sequences but the slight variations in the

Table 4.5: DOWN-DIP CUT-AND-FILL RESULTS

iteration max". contact max". cumilative
number force magnitude regsultant translation

T00 3.64' : 0.00

750 3.69 1.37 E-04

800 3.60 4.47 E-04

850 3.93 6.30 E-04

900 4.18 T.77 E-04

950 4.42 1.03 E-03

force and displacement magnitudes indicate that the final
behaviour is path dependent. In contrast to the up-dip ex-
traction sequence, the largest opening closures are now
located in the upper hangingwall.

To examine the effect of an increase in depth on
the resulting behaviour, forces were applied to the edges
of external blocks. The five blocks along the left-hand
boundary were.fréed and external forces of magnitude ten
times the block weight were applied to these blocks and to
the blocks located at the top of each column. Equal loads
were applied at both corners of the block edges. This
resulted in a horizontal to vertical pressure ratio of 0.5.
The system of blocks was consolidated under the external
loading and self weight for 300 iterations, restarting from
the original consolidation file, and an updated con-

solidation file was saved for later restarting. The

physical properties were the same as in the previous examples.

For the tests under external loading, the presence
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REMOVING BLOCKS GRRDUALLY DOWN-DIP TO SIMULATE CUT-AND-FILL MINING
CORNER FORCE PLOT NUMBER OF PROBLEM UNITS PER INCH = 17.69282122
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of the problem boundaries close to the openings is likely to
influence the results and hence this limitation should be
recognised when assessing the results. The influence of
the external forces was examined by initially mass blasting
for 200 iterations. The results for this are reproduced
in Table 4.6 and Figure 4.13 (a). In contrast to the self
weight case, movements of approximately equal magnitude now
occur in both hangingwall and crown regions. Also, the
displacements show no clearly defined zone of potential
hangingwall instability. The external loading has caused

Table 4.6: MASS BLASTING UNDER EXTERNAL LOADING

.iteration max". contact ‘max". cumulative
number force magnitude resultant translation
1000 8.49 0.00
1050 9.24 7.49 E-04
1100 9.87 1.17 E-03
1150 10.58 1.56 E~03%
1200 11.53 1.88 E-03

considerable down-dip displacement components as well as
sub-vertical displacements for all crown blocks. A com-
parison with the self weight case reveals that the contact
forcea have increased approximately threefold while there
has been less than a 100% increase in the displacement
magnitudes. More importantly, however, is the steady con-
vergence in the displacement magnitudes towards an equil-
ibrium conditioﬂ indicating increased stability over the
self weight case. This stability is highlighted by the
lateral thrusts observable in the force distribution of
Figure 4.13(a).

The case where surrounding openings shield the crown
from lateral confining pressures was simulated by re-
consolidating without lateral loading being applied to the
blocks located along the upper stepped boundary.  As
shown in Figure 4.13(b), the largest displacements for
this case occur in the crown, the crown moving mono-
lithically towards the opening by sliding along the steeply
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MRSS BLASTING OF SINGLE OPENING WITH EXTERNAL LORDING

CORNER FORCE PLOT NUMBER OF PROBLEM UNITS PER INCH = 46.129186872
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Figure 4.13a
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MASS BLASTING SIMULRTION UNDER EXTERNAL LORDING. 250 CYCLES RESTART
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inclined bedding planes. These large displacements arise

since the crown region is in an effectively unconfined

state.

The simultaneous mass blasting under full external
loading of the two adjacent openings shown in Figure 4.14
was modelled for 400 iterations. The purpose of this
simulation was to examine the behaviour of the rib pillar
so formed. The results for this case are presented in
Table 4.7 and Figure 4.14. The displacement plots
illustrate the extent to which the rib pillar has been

Table 4.7: SIMULTANEOUS MASS BLASTING UNDER EXTERNAL LOADING

.iteration max". contact max". cumlative
number force magnitude resultant translation
1000 8.49 0.00
1100 9.81 1.82 E-03
1200 1.4 3.09 E-03
1300 13.03 4.26 E-03
1400 14.31 5.35 E-03

shielded from the lateral loading. The hangingwall dis-
placements of the primary opening now have considerable
down-dip components, steadily decrease in magnitude from
the crown to the floor of the opening, and have magnitudes
less than half those for the hangingwall of the secondary
opening. Also,. the contact force distribution indicates
that the rib pillar is in an unconfined state with each of
the seven columns acting independently of adjacent columns.
In the crown above the rib pillar lateral stabilising
forces are predominant and larger displacements occur in
the crown of the primary stope than in its hangingwall.

As an alternative to the simultaneous mass blasting
of two adjacent openings detailed above, the secondary
opening was created subsequent to the initial opening.
This was achieved by restarting from the file saved at the
end of mass blasting of the primary opening under external
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SIMULTANEOUS MRSS BLASTING OF TWO RDJRCENT OPENINGS WITH EXTERNAL LORDING
BLOCK PLOT NUMBER OF PROBLEM UNITS PER INCH = 16.67
CVCLE NUMBER = 1400 SCALE . 1 INCH =
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SIMULTANECUS MRSS BLRSTING OF TNO ADJRCENT OPENINGS WITH EXTERNAL LORDING
INCREN.DISPL .PLOTY NUMBER OF PROBLEM UNITS PER INCH = 0.000010697
CYCLE NUMBER = 1400 SCALE . 1 INCH =

SIMULTRANEOUS MARSS BLRSTING OF TWO ADJACENT OPENINGS WITH EXTERNAL LORDING
TOTAL DISPL.PLOT NUMBER OF PROBLEM UNITS PER INCH = 0.005352411
CYCLE NUMBER = 1400 SCRLE . 1 INCH = ____

Figure 4.14 contd.
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loading (Figure 4.13a). The behaviour of this model was
investigated for a further 200 iterations and the results
are presented in Table 4.8 and Figure 4.15. There is very
close agreement between the force and incremental displace-

Table 4.8: MASS BLASTING OF SECONDARY OPENING SUBSEQUENT
TO PRIMARY OPENING.

iteration max". contact max™. cumulative
number force magnitude resultant translation
1200 11.53 1.88 E-03
1250 12.58 ' 2.50 E-03
1300 13.41 - 3.23 E-03
1350 14.11 ~ 3.92 E-03
1400 14.71 4.54 E-03

ment distributions of this model and those for the simul-
taneous mass blasting test. The contact forcé magnitudes
for both models deviate by less than 3%. Although the
cumulative displacements subsequent to consolidation are
approximately 15% smaller for this case, the cumulative
displacements for the 200 iterations since the creation

of the second opening are exactly half those obtained after
400 iterations of the simultaneous extraction model. There
are, as expected, slight variations between the total dis-

placement distributions for both cases.

To investigate the response of a crown pillar to
external loading seven overlying blocks were extracted,
as shown in Figure 4.16. These blocks were removed after
the 200 iterations of mass blasting of the primary opening
(Figure 4.13a). The force plot of Figure 4.16 indicates
that the crown pillar is capable of transmitting the lateral
forces but is shielded from the effects of the forces
representing the overburden load. This has increased the
stability of the crown pillar although there is no evidence
of arching in the immediate roof of the primary opening due
to the high aspect ratio of the blocks. The crown dis-
placements are now considerably smaller than those in the
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MASS BLASTING OF RDJACENT OPENING SUBSEQUENT TO CREATION OF FIRST OPENING
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MASS BLRASTING OF ADJRACENT OPENING SUBSEQUENT TO CREATION OF FIRST OPENING
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HASS BLRSTING OF OVERLYING OPENING CRERTING CROWN PILLAR
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hangingwall and have been further displaced towards the
footwall.

Finally, the results are presented in Figure 4.17 of
tests carried out with stiffnesses differing from those
used for the above tests. The behaviour of laminar
structures was investigated by assigning different
stiffnesses to each joint set. For the case shown in
Figure 4.17(a) the ratio of the normal and shear stiffnesses
for the cross-joints to those of the continuous joints was
10,000 to 1.* These conditions therefore simulated the
case where only one set of jointing was predominant, namely
the bedding of the steeply dipping strata. The force
distribution at the completion of 200 iterations sub-
sequent to the creation of the primary opening clearly
illustrates the effect of the varying stiffnesses. All
hangingwall columns are now able to accommodate con-
siderable lateral forces while the inward displacements of
blocks in the hangingwall have been reduced to approximately
half those of the original mass blasting test (Figure 4.13a).
Also, the inward displacements of the crown blocks are
between four and five times greater than the hangingwall
displacements since the stabilising forces generated by
shearing along the cross-jointe have been greatly reduced.

Figure 4.17(b) shows the effect of a competent
zone of material in the hangingwall. Field information
from Mount Isa (Lang, 1979) indicates that stronger silica
dolomite intrusions in the hangingwall country rock often
become exposed when the weaker jointed material between the
excavation and the competent zone collapses into the
opening. The competent zone was modelled by increasing the
normal and shear stiffnesses by a factor of 100 for all
blocks comprising the fifth hangingwall column in from the
opening face. Figure 4.17(b) shows the discontinuity in
displacement magnitudes either side of the competent zone
with the immediate hangingwall displacement magnitudes
approximately five times greater.
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MRSS BLASTING OF SINGLE OPENING WITH SINGULAR JOINT SET
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MRSS BLRASTING OF SINGLE OPENING WITH FAULT ZONE IN HANGINGWALL
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size is relatively large compared with the overall model
dimensions and problems in satisfying boundary conditions

were expected for some model geometries.,

The zone of influence for an opening in an elastic
medium is approximately 5 : 1, but becomes significantly
larger for openings in discontinuous media (Bray, 1978).
Studies on the influence of openings in jointed media were
carried out by Ergun (1970) using 1000 mm square by 25 mm
thick models containing 170 mm square openings excavated
under load. He demonstrated that the failure zone ex-
tended to the loaded boundaries depending on the
orientation of the jointing and the ratio of applied
loading. For the joint configurations shown in Figure
6.1, it was anticipated that the zone of influence would
extend to the loaded boundaries for some models. This
required, as discussed in Chapter 5, the loading system
to be as flexible as practically possible to accommodate the

likely boundary deformations.

It is recognized that where considerable deformations
of the loaded boundaries occur, the resulting load dis-
tributions along these boundaries will be markedly non-
uniform and impossible to quantify. Consequently, any
comparison between the physical and associated numerical
model results would be of limited relevance, Therefore,
conditions of minimum boundary deformations in the physical
models were a'prerequisite when comparisons with the
numerical results were made. Such conditions were
determined both visually and by monitoring the hydraulic
pressure gauges to ensure satisfactory boundary conditions

existed when photogrammetry was utilized.

Models with multiple openings were also examined
to determine the response due to the interaction of
openings., All of the models were loaded using the
biaxial loading rig described in Chapter 5.

For the construction and testing of discontinuous





































































































































































303

INITIAL LORDING FOR MODEL EXPERIMENTS 4 ¢ 3. 0-400 CYCLES
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INCREASED VERTICAL LORDING FOR EXPERIMENT 3. PVz=2.138MPAR. 400-800 CYCLES RESTART
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INCRERSED VERTICAL LORDING FOR‘EXPERXHENT S. 400-800 CYCLES RESTRRT
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INCRERSED VERTICAL LORODING FOR EXPERIMENT S. 400-800 CYCLES RESTART
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Figure 6.42.

























































































































































































































































































































































































































































































